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Xanthan, the exoc:ellular anionic he1:eropolysaccharide from
Xantharxmas campestris NRRL B-1459 now pTOduced industl"ially in
bOih the t1iii1:ea States QJ and Europe (!l, has numerous
applicanons in food and nonfood indusnies (3, 4). Xan'than is
composed of ~-glucose (Glc) , Q-mamose (Man) ,-aner Q-glucuronic
acid (GlcA) iIi the ratio of 2:2:1 (5-l) and of varying amounts of
pyruvic and acetic acid (4, 5). Early s'tl"UCtural analyses (8, 2)
and more recent s'tUdies erO-UJ indicate 'that xan:than consists of
repea'ting pentasaccharidetmJ.ts (Figu:re 1). Upon a cellulosic
backbone, trisaccharide side chains comcosed of s-D-Man(I-t04) -S-D­
GlcA(1.Z) -a-Q-Man are glycosidica11y l±D.ked to altern.a1:e glucose
units at the 3-0-position. Acetic acid is attached as an ester to
the 6-0-positioii' of the intern.a.l m.annose of the side chain (10)
and pyTUvic acid is condensed as a ke1:al with termirlal mannose
units (10, 14, 1l1. Recently, various substrains have been found
(16-W ""in certaJ.11 stock cuJ. tures of the bacterium Xanthomonas
camoestl"is NRRL B-1459 that produce xan'than differing 111 Yleld,
VJ.scos~ty, various solution properties, and in pyruvic acid and
acetyl con1:ent. These prel:imin.a.ry studies suggested that
differences in PYI'UVic acid content were the main cause of these
obserred variations. Therefore, we re-examined the solution
properties of two xanthan samples of differing pyruvic acid con­
tent at lowel" polysaccharide concent:ration and also examined
xanthan samples of intermediate pyruvic acid content. Most
xanthan applications al"e based on its unusual rheological proper­
ties (2" 19, 20); therefore, the differing rheological behavior of
xantha.1is or dirfel"ing PYI'UVic acid content has p:ractica1
significance.
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The standard reference samples are those described previously
(16) as PS-L and pS-Sm but they now are given the designation
~ (for high pyruvate xanthan) and LPXan (for low pyruva:te
xanthan), respectively.

Laborat0Tj" Purification .£! Xanthan

The .produc:tion and recovery of xanthan from broth were as
previously reported (16). Xanthan from commercial sources was
purified in a similar!'ashion but starting with a O. Z5% dispersion.
The yield of purified xanthan potassiun salt from commercial
sources was 70-85%.

Viscosity Measurements

Calibration of Viscometers. Standard oils of known viscosity
were usea to Cilionu:e vJ.Scometers.

Viscosity Measurement at Xanthan Levels Above 0.25%.
ViscosJ.ty measuremen1:S were!iiad.e wJ.ih a cone-plate mra:o visco­
meter (Wells-Brookfield, Model RVT, 4.7 mm diameter and 1. 5650

angle cone) at ZSo C and 1 11JI1 unless otherwise indicated.
Dispersions for viscosity-concen'trat:ion curves were prepared by
volunetric, serial dilu'tion, although the same results were ob­
tained fT'Clll indivichJally prepared dispersions. Salt effects were
observed by incremental addition of small amounts of solid salt to
homogeneous, completely dispersed solutions of the polysac~~aride.

Readings usually were made after three revolu'tions , or when the
values had become constant.

Viscosity Measurement at Xanthan Levels At or Below 0.1%. A
BrookfJ.ela VJ.scometer lmOdenvr) htted WJ.thailUltra-low CUL)
adapter (Couette-type stainless-steel cell) was used to measure
the viscosity of dilute solutions. Viscosity values (therefore
shear ra'tes) at 3.0 rpm with the UL adapter were closest to those
obtained with either the cone-plate viscometer at 1 rpm or the LVT
spindle (No.3) at 30 rpm.

VisCOSity vs Tempen'tUI'e. In the polysaccharide range of
0.25 to 2%, a Brookheld vJ.Scometer (model LVT) Hued with a
No. 4 spindle was used to measure viscosities (30 rpm). Disper­
sions in an 8-mm (inside diame-cer) tube, in which a thermocouple
was placed in the dispersion to measure temperature, were heated
in an oil bath over the tempera-cure range of 20 to 95° C (above
95° C bubbles appear which lead to erratic readings). In the
polysaccharide range of 0.190 or below, the UL adapter was placed
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in an alumi.mJm cylinder (I-em walls) to dis'tribute heat evenly.
Water was placed between UL adapter cup and the alumimJm cylinder
to assure heat transfer. The alumintml cylinder was heated with
electrical resistance heating tape connected to a'Variac. Temp­
eTature was mea.sm-ed with a thennocouple placed in the aluminum
cylinder.

Viscosity vs I!i. The viscosity of O. S% dispersions at
various iii's was-measured with the cone-plate viscometer (1. 0 rpm,
25° C) as previously described (12).

Intrinsic Viscosity

Size 75 Cannon semimicro viscometers (Cannon Ins'tI"l.mleIlt Co.)
were used to measure relative viscosity (1'1 ) at 25 0 C.
Intrinsic viscosities, expressed as deciliU~s pe!lgram (dl/g) ,
were determined by extrapolation of plots of l11'e1 vs C to zero
concentTation (C, gllOO ml). C

Analytical Mea.surenents

The methcd of Duckworth and Yaphe (21) was used fo1' pyrtNate
deteImination. Xanthan (3-S mg) was hydrolyzed 3 hr at 100 0 in
2 ml 1 N HO, neutralized with 2 ml 2 N Na2COV and diluted
to 10 mI with water. A 2-ml aliquot wis pJ.petted into a quartz
CUYet'te with a 1-em light path, and 1 ml of 1 N aqueous
triethanolamine buffer and 50-'.11 NArH solution-(10 mg per m1 of
1% NaHC03) were added. Absorbance (A) was measured at 340 ron and
4 ',11 lactate dehydrogenase (4, 000 units per m1) were added.
Absorbance was measured again after 5 min, and at S-min intervals
until sUble. Percent pyruvate was calculated by the equation:

%Pyruvate =5 X 88 X 100 (A init~~-A final) X 3.05
Sample wt X o.~_ X 1,000

where 88 is the molecular weight of pyruvic acid, 3. 05 is solution
volume, 6.22 is the extinction coefficient of NArH, and 5 is a
dilution fac:tor.

Q-Acetyl was de'tennined by the hydroxamic acid method (m.
Componen't sugars in xanthan were determined by radiochroma'to­

grcrphic analysis of an acid hydrolysate after reduction with
~-sodium borohydride (23). I)-Mannose and I)-glucose conten't of
xan'than was :independen'tIy cheeked by gas chiomatography of their
alditol ace'ta'tes (24). I)-Glucuronic acid was also assayed by the
carbazole method (m. -

Neutral equivalent weights were de'tennined by titrating [wit..~

standardized KCli (0.1 ~] decationized solu'tions (0.01 to O. H) (~.
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General Properties

The precipitation and rehydration behavior of xanthan prod­
ucts differ characterisdcally with pyruvic acid content of the
product. During precipitation with ethanol (2 volumes, also KCl,
1%), xanthan high in pyruvate (>4%) comes out of solution as a
cohesive stringy precipitate that tends to wind around the stirrer.
Under identical conditions, xanthan low in pyruvate (2.5 to 3.5%)
usually precipitates as a less cohesive particulate material that
does not wind on the stirrer. Brief heating of dispersions of
xanthan low in pyruvate (e.g., 0.1 to 1%, :5 min at 95° C) causes
precipitation behavior with alcohol and KCl to change to that like
xanthan high in pyruvate (see later). As isolated in the K-salt
fom, both pyruvate types when freeze dried are white fibrous
products. Freeze-dried (K-salt fom) HPXan produC'ts character-­
istically take longer to rehydrate than low-pyruvate samples.
Apparently it is more difficult for water to completely penetrate
into HPXan. Dispersions of LPXan are generally clearer than HPXan,
which tend to have some opalescence, but this difference may
relate to the removal of cells and debris in our isolation
procedure.

Analytical Measurements

In Table I, the analytical results of HPXan and I..PXan are
listed and compared to that expected for various theoretical xan­
than structures of differing pyruvate content. When HPXan is
compared to LPXan only the amount of pyruvic and Q-ace'ty-l appear
to differ significantly, and perhaps the difference in Q-ace'ty-l is
not significant. The amount of Q-glucose, Q-mannose, and
Q-glucuronic acid in both HPXan a.oo I..PXan are nearly identical.
The major compositional difference between these two types of
xanthan is in pyruvate cont.ent. The neutral equivalent weights of
HPXan and LPXan are consist.ent. with their Q-glucuronic and pyruvic
acid content. HPXan compares favorably to the theoretical repeat
unit depicted in Figure 1, in which there is an average of one
pyruvic acid ketal on every other terminal l)-mannose unit; I..PXan
is more like the theoretical repeat unit. !.hit has one pyruvate on
every fourth teminal Q-mannose in the side chain.

Viscosity Measurements

Viscosity ~ Polysaccharide Concentration. When compared at
polysacdiancr'e concentrauons at 19; or aoove, the viscosity of
LPXan is equal to or sligh1:ly higher than HPXan (see Figure 2).
At polysaccharide levels at and below 0.5%, LPXan is generally
less viscous than HPXan (Figure 2). Thus, the viscosi'ty-I
concentl'ation curves of HPXan and I..PXan cross neal' the 0.5%



TABLE I Comparison of pyruvic acid, acetyl, monosaccharide content, and

neutral equivalent weight values of IIPXan" and LPXan to that of

theoretical repeat units of differing pyruvic acid content.

l-O

~

I}-Glucuronic Neutral

!yruvic Acid U-Acetyl I}-Glucose U-Mannose Acid Equivalent

Sample Type g/lOO g g/100 g g/lOO g g/lOO g g/100 g Weight

A. Experimental

HPXan High 4.4 4.5 31.0 43.4 19.5 633

LPXan Low 2.5 3.1 37.7 42.9 19.3 790
~

Theoretical!!B. >n

MaxY ~
TIleory-l 8.1 4.3 35.6 35.6 19.2 506 t'c

Theory-2 IIiglJl 4.6 4.5 37.6 37.6 20.3 639
l;:
:II

TIleory-3 tOlv!l 2.4 4.6 38.7 38.7 20.8 745 ~...
TIleory-4 Mi~ 0 4.8 39.8 39.8 21. 5 904

g
0
tll

V ASSlDlle monosaccharide repeat wlit as in Figure 1.
>t'
'0

Y Pyruvic acid ket'al on every tenninal ~-mannose in side chain. 0
roo
><

}j Pynlvic acid ketal on every other tellllinal (}-mannose in side chain.
Ul
)0-
n

Y Pyruvic acid ketal on every fourth tenninal-U-mannose in side chain.
n
~

'i! No pyruvic acid ketal on tellllinal ~-lIlannose in side chain. ~
0
I;l



15. SANDFORD ET AL. Characterization of Xanthan Products 19i

Figure 1. Stnscture of e:rtracellulo.r polysaccha­
rids of Xanthomonas campestris according to
Jan&t0f8 et aL (10). Linkage!J denoted bg --­
indiclJiu pyrut1ic acid is not linked to everT}

terminal Domannose.
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Figure 2. Viscosity os. polysaccharide concentra­
tion. Viscosity of aqueous dispersions of the potas­
sium salt-form of hi[!,h-pyruvate :ranthan (HPXan)
(4.4% pyruvate) and low-pyruvate :ranthan fLPXan)
(2.5% pyruvate) were measured at 1 rpm (3.84 sec' J )

and 25°C.
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polysaccharide level. At polysaccharide concentrations above
0.25-', both pyzuvate types can be partially removed from solution
as a gel by centrifugation (100,000 X g, 60 min). Under similar
conditions but at lower concentrations (0.1%) polysaccharide of
either pyzuvate type is not removed by centrifuga"tion.

recov~;asrSiihvs Shear Rate. Both HPXan and LPXan display
e s ear-rate tIiiiiii:ing at the polysaccharide concentra-

tions tested. As shown in Figure 3, the viscosity decreases with
i:nc::reasing shear rate. At the H level, HPXan shows slight
thixotropic behavior; Le., previously sheared :can'than gives lower
viscosity values which recover with time. LPXan consisten1:ly
shows slight antithixotropic behavior a't the 1% level. At lower
cancenttations of both types, no thixotropy or an'tithixotropy is
observed.

Visco~ vs Temoera1:U:re. Figure 4 illustrates the typical
vi.sc:osJ.ty :viOr of HPXaii aDd LPXan dispersions (1%) when
measured at various tempel'a:tures. Vastly differen't results are
found with the presence of KCl. When no added salt is present,
the viscosity of bot:h.'pyzuvate types stans to drop with increas­
ing temperature. When the tanperatures of the dispersions reach
about: 50° C both types display viscosity changes in the opposite
direction (see curves C and D in Figure 4). With HPXan, a
dramatic rise in viscosity is seen, while with LPXan a slight
decrease is seen. With continued heating of the samples, HPXan 's
vi.sc:osity reaches a maximum. around 70° after which the viscosity
decreases rapidly. If the viscosity of the heated samples is
recheclced on cooling, the same viscosity peak is observed a't the
temperatures 50-70°; in fact, this effect can be repeated over and
over with alternating hea'ting and cooling. In rechecking the
viscosity of LPXan while it is cooling (see curve 0, Figure 4). it
too now displays a sharp viscosity peak in the 50-80° temperature
range tha't was not seen in the initial heating curve. On
reheating, LPXan displays the viscosity peak in the SO-80° temp­
era1:Ure range, as is observed with HPXan. The LPXan must be
heated above "-60° before it displays the viscosity peak seen at
temperatures between 70-80° C. However, extended heating at 60°
fur 8 hr did not produce the viscosity peak. Heating LPXan
dispersions at 95° for 3 min does produce the viscosity peak at
tempera.1:UreS of 70-80°.

Heating LPXan alters its reac'tivity with saIto Figure 4
shows the effect of added salt on the viscosity at various temp­
erat:ures. wnen 1% KCl is present, the viscosity of HPXan (curve A,
Figure 4) is nearly constant over the entire temperature range
between 10-90° C. The viscosity of 1% LPXan in the presence of
Hi KO. decreases steadily with :increasing temperature (curve B.
Figure 4). Cnly at 20-25° C are the viscosities of HPXan and
LPXan with Hi KCl similar. For high temperatures. e. g., 90° C.
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111.1----..JI.i-----I..l..,..----.....,IIOIIl'-----~l.':------".....----I..Ja..

sa.. ra1lI. s.-'

Figun 3. Vi.u:03ity (2S0e) of :anth4n dispenicnu 08. shear rate in sec·/ at ooriou.f poly­
~ concentratioN (wjo). (A) HPXan (4.4% prJf'U'Oate); (B) LPXan (2.5% pyru­

OQte).
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Figure 4. Viscosity of 1% dispersions of HPXan (4..4% pyruvate) and LPXan
(2.5% pyruvate) at various temperatures with and without added KGl pres·
ent. On left side of figure, the samples were gradually heated until they
reached boiling. Then samples were allowed to cool and viscosity at tem­
perature were remeasured (see right-hand side of figurej. Spindle viscometer

used.
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the viscosity of LPXan is about 1/2 that of HPXan. If an LPXa.n
dispersion is first heated, such as with curve 0, and then KCl "(1%)
is added, the viscosity/tempera"ture curve (E) that. result.s is vert
much like that. for HPXa.n (curve A). However, if KC1 (1%) is
present during the heat.ing, no change to HPXan behavior is seen
(curve B).

At the 0.5% polysaccharide level (see Figure 5), the
viscosity-at.-temperat.ure behavior of both types is similar to that.
obtained at. the 1% level (Figure 4), bu"t the viscosity peaks
appear at. a lower temperat.ure range (50-60°) and are much smaller.
As a"t the 1% polysaccharide level, heat.ing salt-free dispersions
a"t the 0.5% level causes LPXan r s behavior to become more like
HPXan; Le., a viscosity spike at. "'50° appears aft.er heat.ing over
60° and its viscosity is great.ly increased aft.er heat.ing when KCl
(1%) is added.

At the 0.1% polysaccharide level (Figure 6), the viscosity of
both pyruvate types decreases s'teadily with increasing temperature.
Heat.ing of the LPXan solutians (no added KC1 present.) causes
subsequent cooling and reheating curves to be higher than initial
viscosity/temperature curve. Hence, heat.ing changes LPXan to
resemble HPXa.n in behavior~

effect. of Salt on Viscosity. The viscosity of HPXan and
LPXan diSPeisi'oiiS'aiH'ers great.ly in the presence of salt; however,
this difference is great.ly diminished when salt-free LPXa.n dispel'­
sians are heat.ed. In Figure 7, the effect. of added KCl on the
viscosity of 1% and 0.5% dispersions of bot.h pyruvate types are
compared with and without. heat.ing (95°, 3 min). Ivnen unheated
dispersions are compared, LPXan is less viscous I particularly at
high (1-3%) KCl concent.rat.ions. At the 0.5% polysaccharide level,
the viscosity of unheated LPXan is nearly unaffect.ed by the
addition of KCl, whereas the viscosity of HPXan is nearly doubled
by the addition of as litt.le as 0.4% KCl. Heat.ing (95°, 3 min) of
a LPXan dispersion causes its behavior towards KCl to change to
that. almost identical to HPXan provided KC1 is not present during
heating but. is present during the viscosity measurement. Heat.ing
of HPXa.n under identical conditions has litt.le effec"t on its
viscosity behavior towards added salt.

At the 0.1% polysaccharide level, the effect. of heat and salt
on the viscosity of HPXan, LPXan, and a mixture of both pyruvate
types is shown in Figure 8. Unheated LPXan has significantly
lower viscosity than HPXAN (see Figure 8), some"times 1/3 as much.
When heat.ed (95°, 3 min), only LPXan r s viscosity is affected.
Heat.ing LPXan causes its viscosity to increase to or above that of
a HPXan whose viscosity is not. affect.ed appreciably (see Figure 3).
Also in Figure 8, the KC1/viscosity curves of a 1:1 mLxrure of the
HPXan and LPXan product. are shown. The viscosity at 1% KCl of the
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Figure 5. Viscosity of 0.5% dispersiofl.$ of :ranthan at various tempera­
tures. See Figure 4 for experimental detaiLs.
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and LPXan (2.5% pyruvate) at various temperatures with and u:ith­
out added KGl present. Ultra-low-aJo.pter of Brookfield LVT cis­
cometer was heated in an aluminum cylinder; shear rate, :].U rpm.
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unheated mixture is between tha't of the unhea'ted LPXan and HPXan
of the Jllixt:t.noe. Heating (95 0

, 3 min) causes the viscosity of the
mixtu:re to be equivalen't or sligh'tly higher than HPXan (heated or
not heated) and heated LPXan. In Figure 9, the KCl/viscosity
curves before and after heating dispersions of xanthans with
intennedia'te pyruvate values are shawn. The product wi~ the
highest pyruva'te con'ten't (3.17%) in this series has the highest
viscosity and produc'ts with lowel' pyruva'te levels have correspond­
ingly lower viscosities. Heating (950

, 3 min) causes the
viscosity of all three of these in'tennediate pyruvate xanthans to
increase.

Effect of E!!2!!.~. In Figure 10, the viscosities of
0.5% diSPersIOnso~ are compared as a Mcdon of
pi. The viscosity obtained depends on the pyruvate type, the
presence of additional sal't, and for the LPXan whether or not the
dispersion was heated. Typical U-shaped viscosity/pH curves
ob'tained for HPXan (hea'ted or no't) and LPXan (heated) are flat­
tened out by the addi'tion of 1% KO. Unhea'ted LPXan dispersions
gave inverted U-shaped viscosity pH curves tha't were no't affec'ted
by the addi'tion of KO. Heating (95° C, 3 min) LPXan dispersions
caused their viscosity/pH behavior to become lOOre like HPXan.

Intrinsic ViSCOSi~. When measured. "in water, the in'trinsic
viscos:lty was 10Z dIlg or HPXan and 70 dl/g for LPXan (see Table
II). When measured. in amnoniumaceta:te (0. 01 ~, a solvent
previously found sui'table for molecular weight s'tUdies (26). the
intrinsic viscosity of HPXan was 43 dl/g while LPXan was"79 dl/g
(see Table II) • Af'ter hea'ting dispersions of both pyruva'te types
separa'te1y (1%. 95°. 3 min) and. dilu'ting to proper concen'tra'tion.
the int1'insic viscosity value of HPXan was nearly as before
hea'ting, 42 del/g, bu't tha.'t for the LPXan increased to 39 del/g.

0.01 M
NH4AcI!

In'trinsic VisCOSityl!

Not Hea'ted Hea'teJI
SOlven't

Wa'ter

In'trinsic ViSCOSity of HPXan and LPXan.

Pyruvic Acid

Type g/IOO g1!

TABLE II

No.

1. HPXan 4.4

Z. LPXan 2.5
102

70

43

29

42

39

g dl/g = deciliter per gram.
"'S/ Hea'ted = 95° C. 3 min, 1% solu'tion in wa'ter.
4/ Grams released by hydrolysis per 100 grams xanthan.
- NH4Ac = amnonium ace'ta'te.



204 EXTRACELLULAR MICROBIAL POLYSACCHARIDES

'yrl"e
,-:\ Cine aeii. % Hulei

• -11---.-"""i."5i"" liS
1- iIw....

1I--1- ~. • I 3.13 Yes
~I!le~

'lle-~ C 3.51 III

~....- .. 11-- D 3.17 les
I- \•C1·

Cl. a.a_ lIa-a-o E 3.13 III:..a....-.. ..---_1.._'''\\6-.-. F 3.17 III

I-

II

I 0.1 0.2 o.no 3.0

1M

III

21

•

141...
.;
.;. 121
~

:: 1M
;i.a .1

i"...
!

41

Figure 9. Xantlum products with intermediate (3.13% to
3.58%) lsf,e13 of pyruvate. Viscositlj os. amount of added KC!

of heated (95°C, 3 min) and unheated solutions.

"mlC lei
Cmt ~~ KUI.. ".,

24

t l' •• tria 2.5 TIS

Z% \ .21 a. KPla 44 Tts
'~~~!=~I Ca KPb. 44 liti! IS r-'7/ D • LPla 2.5 Tts.

i l' E • KPla 44 TIS or lit
~

! 14

?" 12 \ 40-,,-,.-6-4 I...
: ~-0o-<D·-0··e\0

€ II $": ~ .~\
• Ii j /'. Fe tria 2.5 lit:: e \lo. ,,' 'I'>

.::t 'Art. .,:1: • • 4 tria 2.5 lit,.
,/ x~~,.·

...

41-

21-

I II 12 14,.
Figure 10. Viscosity (3.84 sec' l , 25°C) os. pH of dispersions
(0.5%) of HPXan (4.4% pljruvate) and LPXan (2.5% pyru-

vate)



15. SANDFORD ET AL. Characterization of Xanthan Products 205

Birefrintence. When viewed between crossed 'polarizers,
dispersJ.ons 0 xanthan display birefringence, Le., double
refraction of light, even when an external orienting force is
absent or very weak. Several factors such as rate of shear, con­
centration of polysaccharide, presence of extraneous salt, heat,
and pH have previously been shown to affect this birefringenceem. When HPX.an and LPXan pyruvate xanthans a.re compared (see
Fl.gures 11 and 12), the birefringence [retardation, (~) in rnn] of
unheated LPXan is much lower than that for HPXan, particula.rly at
the low rpm's (see Figure 11). After heating (95 0

, 3 min) and
cooling to 25° C, LPXan birefringence is increased and its
birefringent behavior becomes much like that for HPXan. LPXan
(1%) was heated to various tenperatures, cooled to 25° C, and its
retardation at zero rpm was measured (see Figure 12). This study
shows that temperatures above 60° C !!lUSt be reached in order for
the LPXan dispersion to display tenperature- increased
birefringence.

Discussion

The pyruvic acid content of xanthan is an indicator of its
solution properties. All xanthans high in pyruvate (>4.0%) show
similar solution properties which are significantly different from
those of xanthans low in pyruvate (2.5 to 3.0). Plots (see
Figures 13 and 14) of viscosi'ty vs pyruvic acid content of
various xanthan products indicate that viscosity increases con­
sistently with conesponding increases in pyruvate content.
These data indicate that samples of xant.han with a pyruva:te
content higher than now nonnally found might be expected to have
higher solution viscosities. If every terminal mannose carried a
pyruvic acid ketal, the pyruvate content would be 8.69% (see
Table 1) which is nearly double that now called a "high pyruvate"
sample. Likewise, the data in Figures 13 and 14 show that xan­
thans with low-pyruvate content would be significantly less
viscous than samples with higher pyruvate content.

The temperature and salt dependence of viscosity is concen­
tration dependent. At high polysaccharide concentrations the
rheology of HPXan and LPXa:n is similar, while at low concentra­
tions they differ. The molecules of these tw'O pyruvate types
evidently interact differently. The anionic carboxyl of the
pyruvate, like that of the uronate, influences ~~arge distribution
throughout the macromolecule. However, the distribution of
pyruvate in the side chains is not known. Although a regular
distribution is generally assumed, there is no evidence to confirm
this notion. All the pyruvate could be clustered regionally in
each molecule.
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It should be noted that the pyruvate content of xanthans is
segregated into two main groups, one at 2.5-3.5% pyruvate and
another around 4.6% pyruvate. This grouping is perhaps signifi­
e:aut in t.mderstanding the biosynthesis and source of pyruvate
variability in xanthans produced by various subs'trains of
Xanthanonacs campesttis B-1459.

Cause of the change in viscosity behavior upon heating
aqueous dispersions of low pyruvate xanthan is not clear. The
results cculd be interpreted as a new physical confonna'tion being
formed by the heating process. Alterna'tively, chemical changes
cculd oc:cur during the heating; e.g., introduc'tion of cross
lin1cages through ketal rearrangement, migration of ace'tic acid,
or freeing of an esterified carboxyl group. However, the IR
spectIa of LPXan (a12d HPXan) tha't has been hea'ted (95 0

, 3 min) is
identical to spect:ra taken before heating. These studies also
indicate that heating does not remove Q-ac.etyl groups but they
c:auld lIIigrate to other positions in the molecule.

Heating LPXan did cause its intrinsic viscosity value to
i:Dc'ease to nearly that found for HPXan9 whose value was no't
affected by heating. These data suggest tha't heating causes tht;,
mleol1ar size, shape, or W3.'tel'-binding capacity of low pyI'UVa'te
xanthan to bec:aDe JDDre like that found for HPXan.
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Nonual xanthan-producing S'tralns of the bac.'terium Xanthomonas
camoestl'is NRRL B-1459 are charac'terized by their efficlent
conve1'SJ.an ("-60%) of subs'tTates such as Q-glucose in'to eX'tra­
cellular polysac.c:.h.aride that gives cultl..lie fluids of high
vi.sc:osity (6,000 to 8,000 cpoise) and pyrtNic acid contents of
about 4.5%. Various substrains ha:ve been found in certain s'tock
Olltures that produce xanthan differing in yield, viscosity and
other solution properties, and in pyrnvic acid content. Analysis
of xanthan products from these subs'tTains and from commercial
sources shows that the pyruva'te con'tent can vary a't leas't from
2.5% to 4.8', while the sugar composition CO-glucose, Q-mannose,
and D-gluc:uronic acid) remains constant. The precipitation,
rehyQ:r.ition, and rheological behavior of all xanthan samples
having high (4.0% to 4.8%) pyruva'te were similar bu't significantly
different fran those samples having low (2.5% to 3.0%) pyruva'te
which display diffel'en't properties. At xanthan concen'tra'tions of
0.1% to 0.5%, high pyruva'te samples are more viscous (sometimes
2 to 3X more), par'ticularly in the presence of salt, than low
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pyruvate samples. Brief heating (95 0 C, 3 min) of low-pyruvate
solutions caused their solution properties to become more like
high-pyruvate when observed in the presence of salt. Other
rheological properties of both pyruvate types are examined.
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